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ABSTRACT 



A battery powered sensor in a tire has a mlcroproccsscr and 
a transmitter circuit permanently connected to a battery and 
a pressure switcb or pressure sensor coupled to the micro- 
processor. The microprocessor has a sleep state and wakes 
up every few minutes to execute an algorithm which deter- 
mines on a time basis whether to read the pressure state and 
transmit a repeat of significant changes, and determines on 
a randomly timed basis whether to transmit a status rcpoart 
A factory test state permits only one signal transmission 
when the tire is inflated and inhibits other signals for a 
period to allow testing of many tires without interference 
from one another. 

7 Claims, 3 Dra^dng l%eets 




06/09/2004, EAST Version: 1.4.1 



UJS. Patent jui. 21, i998 sheet 1 of 3 5,783,992 



FIG-1 



10 




14 16 



12 



14 



22 



20 



c 



RF 

RECEIVER 



LOW PRESSURE 





PROCESSOR 






EEPROM 






DAMAGED SENSOR 



7 
24 



2 



14^ 12 



12 \14 



FIG -2 



30 



14 



32 



PRESSURE 
TRANSDUCER 



26 



CONTROLLER 



RF 

TRANSMITTER 



28 



36 



06/09/2004, EAST Version: 1.4.1 



U.S. Patent 



Jul 21, 1998 



Sheet! of 3 



5,783,992 



FACTORY TEST 
ROUTINE 



FIG -3 



42 




1 



IS PRESSURE 
ABOVE 'IN-USE' 
THRESHOLD? 




CLEAR THE 

•IN-USE' 
COUNTER 



YES 




HAS PRESSURE 
JUST TRANSITIONED 
ABOVE THRESHOLD? 




46 



YES 



48 



INITIALIZE 

■IN-USE' 
COUNTER 



NO 



52 



50 



DECREMENT 
'IN-USE 
COUNTER 



TRANSMIT A 
SINGLE STATUS 
MESSAGE 




06/09/2004, EAST Version: 1.4.1 



U.S. Patent jul 21, 1998 sheet a of 3 



5,783,992 



FIG -4 



TRANSMITTER WAKEUP 



62 



64 




I 



60 



IS TRANSMITTER \N0_ 
IN USE ? 




E 



> 



36 

L 



FACTORY 

TEST 
ROUTINE 



TIME TO \ YES 
READ PRESSURE ? 



66 

68 

NO 



NO 



DECREMENT 
PRESSURE 
READ Tl MER 



70 




TIME TO TRANSMIT STATUS ? 



DECREMENT 
TRANSMISSION 
TIMER 




82 



X HAS PRESSURE 
STATE CHANGED ? 



76- 



TRANSMIT 
DATA 



Z 



NO 



• RANDOMIZE TRANSMISSION 
TIME 

• SET TRANSMISSION TIMER 

• SET PRESSURE READ TIMER 



3 



78 



GO TO SLEEP MODE 



-72 



06/09/2004, EAST Version: 1.4.1 



5.783.992 

1 2 

TIME BASED LOW TIRE PRESSURE power consumption slcq> mode and wakes up cvoy few 

WARNING SENSOR seconds to execute software stored tiierein. 

The software is able to define a factory test state and an 

FIELD OF THE INVENTION jn-use state. InitiaUy an IN-USE flag is clear to aUow tire 

nis invention relates to a low tire pre«ure warning ' ^^^V' T^Xt^^t^^.^!^ 

„,^„^ .a. t. * * sram senses when the ure is fijst pressunzea to a tnresnoia 

(L1TW) system and paiUculaiiy to such a system for occa- ^ '^^^^ single signaJ for the test of the 

sionally reporting transmitter status and warning of adverse J^^'X^e tire is pressurized for a time sufficient for the 

I^essure diangcs. transmitter to be removed from the factory test state, the 

BACKGROUND OF THE INVENTION ^° IN-USE flag is set; thereafter the unit wiU be in the in-use 

state and will issue signals intermittently. 

It has i^eviously been pressed to monitor tire pressure microprocessor wakes up and finds that the 

by a transducer within each vehicle tire. Several schemes j^-USE flag Is set, it determines from a read pressure timer 

have been tried fw advising the vehicle operator of tire whether U is time to read pressure; if so the pressure is read 

I^essure conditions, espcdally in the case of low tire pres- i5 xhe timer value is several wakeup 

sure. It is known, for exanqjle, to generate a visible signal at pressure is checked perhaps every 10 to 30 

the tire and to visuaUy inspect the signal. It is also known to seconds. If ttie pressure switch has changed to low pressure 

generate a noagnetic field at the transducer m re^nsc to a ^ ^ ^ messure sensor detects a significant pressure drop, the 

low Fessure condition, to detect the field by a detector tjansmittcr will be energized to send a warning signal to the 

mounted near each wheel, and to display a warning on the 20 receiver. When the pressure is not read, a transmission timer 

instrument panel. checked fx transmission time. When it is transmission 

It has also been proposed to mount a transducer and radio time, pressure data is read and then transmitted. Then the 

transmitter within each tire and a receiver on the vehicle transmission lime is set at between 3 and 5 minutes by 

dedicated to processing traasroitted tire pressure data and random selection, and the microprocessor eaters sleep mode, 

displaying necessary infOTmation. Since the apparatus con- 25 decremented each wakeup cycle until it times 

tained within the tire must be wholly self-contained and is om ^ reset. This rate of usage is expected to yield battery 

not easily accessed for service, the device battery must be ufg of about ten years, 
long-lasting. pcrhq)$ lasting for the life of the vehicle. In 

addition, it is not sufficient to transmit a signal only in the BRIEF DESCRIPTION OF THE DRAWINGS 

case of abnOTmal pressure, rather a signal must be issued ^ ^ ^ ^ ^ ^ . * *u • *: mi 

occasionally to assure die receiver that the transmitting unit ^ The above and oth^advantages of tiie invention will 

is opcratioiud. Such signaling consumes power and offers a ^comc more apparent from the following descnption taken 

chaLenge to long batt^ life. in conjunction with the accompanying drawmgs wherem 

^ , like references refer to like parts and wherein: 

To economize on power consumption, it has been pro- ™ , , ^ . * , ^■ 

posed in the U.S. Pat No. 5085,189 entiUed "Abnormal FIG. l Is a scheniatic dia^ of a low tire pressure 

Tire Condition Warning System" to include in the pressure warning system accc^dmg to the mvenUou; 

warning apparatus an inotia <or acceleration) switch sensi- FIG. 2 is a schematic diagram of the tire pressure sender 

tive to wheel rotation wherein the battery is connected to tfie portion of the system of FIG. 1; 

transmitter only when rotation is sensed or a pressure switch FIGS. 3 and 4 are flow charts showing the operation of the 

closes, That system also includes a microprocessor having a ^ transmitter pcation of the system according to ttie invention, 

sleep mode to conserve power. Another proposal also uses 

an inertia switch to initiate a state of health message when DESCRffTION OF THE INVENTION 

a certain speed is attained. An adverse aspect of these Referring to FIG, 1. an automotive vehicle 10 has four 

approaches is that the addition of the inertia switch to the ^ ^^^^ ^ ^^^^^ ^^^^^ 

system adds cost and diminishes rehability. transmitter) 14 residing within the tire and subject to tiic 

It is therefore a challenge to achieve long battery life and pressure for transmitting radio signals canying pressure 

increased reliability whfle reducing cost through elimination related information. Each sender 14 has a unique identifi- 

of the inertia switch in the LTPW system. If this is accom- cation code (ID) which is included in every transmission to 

plished by simply allowing signal transmission irrespective ^ yerffy the source of the signal. TVansmitted signals are 

<rf wheel rotation, then a factory which inflates tires and tests received by an antenna 16 coupled to a receiver 18. The 

the warning system will be subject to a very large number of receiver output data is fed to a processOT 2® which is a 

signals that will interfere witii testing of the LTPW units, microprocessor having a non-volatile memory such as an 

<5tTMMARY OF THE INVENTION EEPROM fOT Storage of tiic ID and iHCSSure data as weU as 

SUMMARY OF THE INVENTION ^ transmittCT activity. An algaritiim within 

It is therefore an object of (he invention to achieve a the microprocessor manages and evaluates the data and 

LTPW transmitter unit sMch attains long battery life with- issues a low tire pressure signal to activate a telltale display 

out an inertia switch. Another object In such a unit is to avoid 22 when a transmitted message indicates such a condition, 

repetitious signaling before factory Installation. and issues a damaged sender signal to activate a tell-tale 

A LTPW system has a vehicle mounted receive and a 60 display 24 when the pattern of received messages reveals 

transmitter or sender mounted in each tire for sending less than four active senders. 

pressure data to the receiver which displays a warning when The tire pressure sender 14, as shown in FIG. 2, has a 

^ropriate. The transmitter includes a pffcssurc switch or controllo" 26 and an RF transmitter 28, each powered by a 

absolute pressure sensor coupled to a nucroprocessor which battery 30, and a transnutter antenna 32. The controller 

in turn controls a RF transmitter circuit A battery is con- 6S con^ses a miaoprocessor configured to maintain a sleep 

tinuously connected to the microprocessor and the transmit- state requiring very low power consumption until it is 
ter circuit. The microprocessor generally resides in a low awa&cned by an internal or external timer. The controller 26 
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has a data output coupled to the transmitter 28 for defining 
the transmitted signal. A pressure transducer 36 comprises a 
pressure switch or sensor which is an input to the controller 
26. 

The pressure transducer 36. if it is a switch, is set to 
change state (open or closed) at a suitable warning pressure. 
As the fH'essure in a tire drops below the set pressure the 
switch changes state and the controller detects the diange of 
state to cause transmission of a message containing a low 
pressure code. When ja'cssure is restored to the tire, the 
pressure switch re vats to its original state and Che controller 
transmits a message with a pressure OK code. Hie processor 
20 responds to the messages by suitably activating or 
deactivating the low pressure tell-tale 22. If the pressure 
transducer 36 is an absolute pressure sensor having an actual 
{^essure ou^t. the controller will sample the pressure to 
report the pressure or a significant pressure change. 

The controller 26 comprises a commercially available 
micrc^>rooessor which is p-ogrammed to operate in a factory 
test stale and in an in-use state. The flow charts of FIGS. 3 
and 4 represent the respective programs wherein tfie func- 
tional description of each block in the charts is accompanied 
by a number in angle hradcets <nn> which corresponds to 
the reference number of the block. The factory test state is 
the initial condition of die controller when a battery is 
installed in the factory and an IN-USE flag has a default 
clear state. After tire asseml>ly the units are tested when eadi 
tire is pressurize to verify pressure switch operation and 
signal transmission at die correct pressure. To prevent repeti- 
tive signaling from hundreds of tires in the factory* each 
transmitter is permitted only one signal during the factory 
test state. After a time delay, die IN-USE flag is set to 
terminate the factory test state and begin the in-use state. 

The factory test program 38 is shown in FIG. 3. The 
program first checks the pressure to determine if it is above 
a set threshold <40>. If the pressure has not attained the 
direshold value an IN-USE counter is cleared <42> and the 
microprocessor returns to its sleep mode <44>. The micro- 
processor remains in the sleep mode for a set time, say, 3.5 
seconds, and then wakes to again execute a wakcup cycle. If 
the pressure is above the threshold <M> and has just made 
the transition <46>* the IN-USE counter is initialized <4S> 
to a value which defines the remaining life of the f aaory test 
state. The counter value should be large enough to assure 
time in the ordinaiy assembly process for the tire to leave the 
factory. When the counter is set. a single status message is 
transmitted <50> to con4>lete the transmitter test For cycles 
subsequent to issuing the status signal the IN-USE counter 
is decremented <52>. When the counter reaches 0 <S4)>. the 
IN-USE flag is set <56> to terminate the factory test state. 

The general operating program is shown in FIG. 4. Hie 
microprocessor wakeup <60> occurs periodically. First the 
IN-USE flag is checked <62> to determine whether the 
transmitter is in service. If not the factory test routine is 
entered <38> but if the flag is set a pressure read timer is 
read to determine if it is time to read the pressure <64>. If 
not the pressure read timer is decremented <66> and a 
transmission timer is read <68> to see if it is time to transmit 
a pressure status report If not the transmission timer is 
decremented <74^> and the microprocessor enters sleep 
mode <72>. If it is time to transmit a status report <68>. the 
pressure state (or value) of the transducer is read <74> and 
the ^ropriate data is transmitted <ff6>. In addition, a time 
within a range is randomly selected, die transmission timer 
is set to a count that corresponds to the selected time, and the 
pressure read timer is set to a predetermined count <78> 
before sleep mode is entered. If, in block 6<l. it is time to read 
the pressure, the pressure or pressure state is read <80>. If 
the pressure state has changed <82> that event is transmitted 
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<76> and if not the program goes to block 78. Change of 
pressure state occurs if a pressure switch is operated or if a 
measure of absolute pressure has changed by a predeter- 
mined amount 

Keeping in mind that conservation of battery energy is 
Importaat. the timer values are chosen to meet that goal as 
well as to supply current information on the tire pressure. 
The jrcssurc read timer may be set to a count of about 5. for 
example, so that the pressure is checked every 20 seconds or 
so. Ordinarily a p'essure check does not result in a signal 
transmission and thus uses minimal energy. The transmitter 
time may be selected from 3 to S minutes to provide frequent 
updates of the transmitter healfli. 

The four pressure status transntissions on a vducle are 
received by the receiver and processed independcDtiy. Each 
transnussion will contain a status message which indicates 
the cuirent state of the {sessure switch (or reading of a 
pressure sensor) and wiU indicate to the receiver that all tire 
pressure monitors are woErking piopcrly. If by chance two 
transmissions occur simultaneously, there is a danger ttiat 
one signal would not be recorded. The clocks for operating 
the microprocessors are very dose in frequency so that if 
two transmissions should coincide, they would remain in 
coincidence fa: a long time if they bad the same transmitter 
time. The random selection of transmitter times prevents a 
continuation of coincident signals since the two transnutters 
will not likely be reset to the same time. 

It will thus be seen tfiat the LTPW system enables long 
battery life and frequent updates of tire pressure conditions 
without the use of an inertia switch or the like to limit the 
amount or firequency o£ data transmission. 

The embodiments of tiie invention in which an exclusive 
prq>erty or privilege is claimed are defined as follows: 

1. In a low tire pressure warning system having a trans- 
mitter and a pressure sensor wherein the transmitter has a 
sleep mode of low enogy consumption, a wake mode of 
normal energy consumption and a transmission timer, a 
method of using the transmission timer for Inlenniaentiy 
transmitting a pressure message c(»nprising the steps of: 

periodically entering the wake mode and determining 

whether die transmission timer indicates that it is time 

to transmit a pressure message; 
when tiie transmission tima indicates that it is time to 

transmit a [vessuie message. 

transmitting a status rcpon, 

selecting a random time within a prescribed time range, 
initializing the transnussion timer with the selected 

random time, and 
returning to the sleep mode. 

2. The invention as defined in daim 1 induding the step 
of: 

decrementing the transmission timer and returning to the 
sleq> mode when, on entering the wake mode, die 
transmission timer indicates that it is not time to 
transmit a pressure message. 

3. The invention as defined in claim 1 wherein the 
transmitter further indudes a software pressure lead timer, 
and the method includes the steps of: 

during the wake mode determining whether it is time to 

read the pressure sensor, 
if it is time to read the pressure sensor 

reading the pressure sensor state, 

initializing the pressure read tinoen and 

if the pressure state has changed since the last reading, 
transmitting the pressure data; and 
returning to sleep mode. 
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4. The invention as defined in daim 1 induding: 

at the beginning of the wakeup mode determining if an 

IN-USE flag is set in the transmitter; and 
if the flag is not set entering a factory test mode. 

5. The invention as defined in claim 4 wherein tiie factory 
test mode oon^)rises: 

when pressure first transitions above a threshold* 
setting a counter rq)re5enting a delay time, and 
transmitting a single status message; 

decrementing the counter in subsequent wakeup cycles; 
and 

siting the IN-USE flag when the counter reaches a limit 
value: 

whereby only a single status message is transmitted while 
in factory test mode and further transmissions are 
enabled after the delay time. 

6. In a low tire pressure warning system having a factory 
test state for pressurizing a tire and an in-usc state, the 
system including a transmitter and a pressure sensor wherein 
the transmitter l^s a sleep mode of low energy consumption 
and a wake mode of normal energy consumption, the 
method of intermittently transmitting a pressure message 
comprising the steps of: 

periodically waking the transmitter from the sleep mode 
and checking an IN-USE flag; 
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if an IN-USE flag is not set entering a factwy test state 
and then setting the ZN-USE flag a delay time after the 
tire is pressurized; 
J if the IN-USE flag is set entering the in-use state and then 
transmitting a status report at selected times, and 
periodically monitoring the pressure sensor for changes 
and transmitting a warning when a significant (pres- 
sure change is detected. 
10 7. The invention as defined in claim 6 wherein transmit- 
ting a status report at selected times comprises the sieps of: 
determining via a transmission timer wh^er it is time to 
transmit a status r^)ort; 
15 when it is not time to transmit 

decrementing the transmission timer, and 
then returning to sleep mode; and 
when it is time to transmit 
reading the pressure state of the pressure sensor, 
randomly selecting a transmission time and resetting 

the transmission timer, 
transmitting a pressure atessagc, and 
then returning to sleep mode. 

« * * * « 
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